ABSTRACT In 2001 a visceral leishmaniasis (VL) surveillance system was set up for children aged ≤ 12 years in the primary health system in Meshkin-Shahr district of Ardebil province, north-western Islamic Republic of Iran. All cases with clinical signs and symptoms of VL and positive by the direct agglutination test were referred for physical examination and treatment. The mean annual incidence of VL decreased significantly from 1.88 before (1985)(1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000) to 0.77 per 1000 child population after the intervention (2001-07). In a control area with no surveillance, it increased from 0.11 to 0.23 per 1000. Early detection of VL using practical serological tests and timely treatment of cases could decrease the mortality and morbidity rates of VL in endemic areas.
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and to treat infected individuals promptly to decrease the mortality and morbidity rates of the disease in endemic areas. In the present study, the incidence of VL in children in the intervention area was compared before and after the intervention and in a control area where the surveillance system was not established.
Methods

Study design
In this longitudinal study a VL surveillance system was established for children ≤ 12 years old in Meshkin-Shahr district (intervention area) in 2001. The annual incidence of VL in children of this age group was compared over 2 periods, before (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and after the intervention . In order to control for ecological changes or changes in living facilities that might affect the VL incidence rate, an endemic area adjoining Meshkin-Shahr was selected where a VL surveillance system was not established, Ahar district (control area). The annual incidence of VL in this area was similarly compared over the period for which relevant data were available, both before (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and after the intervention (2001-06) and with the incidence in the intervention area.
Study area
Meshkin-Shahr district is located in the north-west of the Islamic Republic of Iran. It covers an area of approximately 1530 km 2 and its population is estimated to be 237 585, among whom 29.7% are settled in urban areas and 70.3% live in 323 rural areas. MeshkinShahr is an important endemic focus of VL in the Islamic Republic of Iran and several VL studies have been conducted in this area [5, 6] . The control villages in Ahar district have similar ecology and socioeconomic characteristics to the Meshkin-Shahr villages.
Health services in the study areas are delivered through the district health network, consisting of a local hospital and a few health centres in the city, and health centres with health houses in rural areas. The health house (khaneh behdasht) is the first level of rural health services and covers several satellite villages with similar cultural and social characteristics to a range of about 1500 m. One of the most important activities of health workers (behvarz) in the health houses is local disease control and data collection.
The second level is the rural health centre (RHC) situated in a village and covering a population up to 7500. It is run by a medically trained doctor (usually a general physician). The main functions of the RHC are to provide backup services to rural health houses, offer diagnostic and treatment services to cases referred by the behvarz and refer those needing more specialist care to the district health centre (DHC) or district hospital.
The third level in the rural health network is the DHC, which is mainly concerned with the supervision and coordination of the activities of RHCs and liaison with more specialized district hospitals.
The data for this study were collected by trained behvarz in the health houses, trained technicians in the RHCs and medically trained physicians in the DHC and district hospitals.
Sample collection
There were around 100 behvarz during 2001-07 serving an average population of Meshkin-Shahr of 179 000 with 29 868 children aged ≤ 12 years . In the control area there were 117 behvarz for an average population of 237 585 and 23 062 children ≤ 12 years.
The behvarz of all health houses in Meshkin-Shahr district were trained to recognize and refer all suspected cases of VL to an RHC. Finger-prick blood samples were collected onto filter paper by the behvarz from children who were suspected of having VL, i.e. if they had all 3 of the clinical symptoms: abdominal distension, paleness and fever of at least 2 weeks duration [5, 7] . In MeshkinShar districts where the number of VL cases was high, active case-finding and investigation of the animal reservoir hosts, particularly stray and owned dogs, were also carried out.
The blood samples were sent first to the RHC then to the local VL laboratory in the DHC where they were tested using the direct agglutination test (DAT) by trained technicians. Seropositive patients were referred to a paediatrician or general physician in the only hospital in Meshkin-Shahr city for further physical examination and treatment. Some children were referred to private or public physicians in Meshkin-Shahr. In some cases, bone marrow aspirates were also obtained for the detection of Leshmania spp. from patients with clinical signs and symptoms of VL but with no positive DAT results. All confirmed cases, i.e. those with positive DAT and clinical manifestations of VL (fever, paleness, anaemia, splenomegaly and hepatomegaly), were referred to the DHC to receive appropriate treatment. Pentavalent antimony in meglumine antimoniate (Glucantime, Rorer Rhone-Poulenc Specia, Paris, France) was administered intramuscularly at 20 mg/kg body weight daily for 21-28 days.
Since, the VL surveillance system had not been set up in the control area, the incidence was estimated from clinical features, response to the treatment and occasionally DAT (only in symptomatic patients).
DAT antigen preparation and serological tests
DAT was developed as a simple, reliable, cost-effective tool for diagnosis and epidemiological surveys of VL in human and canine reservoirs in the Islamic Republic of Iran [3, 4, [8] [9] [10] .
DAT Leishmania antigen was supplied by the Protozoology Unit of the Department of Medical Parasitology and Mycology at the School of Public Health, Tehran University of Medical Sciences [3, 10] . All the collected serum samples were tested by DAT. Initially, for screening purposes, 2 dilutions of serum samples (1:800 and 1:3200) were tested with Leishmania antibodies. If both of these dilutions were positive, samples with titres 1:800 were diluted further to give endpoint titres of 1:102 400. Control wells with negative serum samples and known negative and positive controls were tested on each plate daily. The positive standard control was prepared from the serum of humans with L. infantum infection from the endemic areas, confirmed by microscopy, culture, animal inoculation and 1:102 400 DAT titres. A titre of ≥ 1:3200 was used as the cut-off point for human Leishmania infection, as determined in our previous studies [1, 3, 10] .
Statistical analysis
The mean annual incidence of VL per 1000 population aged ≤ 12 years old based on positive DAT accompanied by clinical signs and symptoms and relative risk of the disease with 95% confidence interval (CI) were calculated. Data were compared in the periods before and after establishment of surveillance in Meshkin-Shahr villages and with data from the control area. Analyses were done using the chi-squared, t-test and paired t-tests with SPSS software, version 13.5. P-value < 0.05 was considered statistically significant.
Results
During 2001-06 a total of 3977 human serum samples were collected from children suspected of having VL in the intervention area. The seroprevalence rate at titres ≥ 1:3200 was 4.15%. Table 1 shows the incidence of VL in children ≤ 12 years old, based on positive DAT and clinical signs and symptoms, in the intervention and control areas before and after the invention started in 2001. The mean annual incidence of VL decreased significantly from 1.88 per 1000 population aged ≤ 12 years in the period before the intervention (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) [5] to 0.77 per 1000 after the intervention (2001-07) (P < 0.001). In the control area, the mean annual incidence of VL increased significantly from 0.11 per 1000 population aged ≤ 12 years in the period before 2001 (1992-2000) [5] to 0.23 per 1000 in the period after the intervention (2001-07) (P < 0.005). Figure 1 shows the mean annual incidence each year in the intervention and control areas for the period 2001-07, i.e. after the intervention.
During the intervention period, there were only 2 registered deaths due to VL in the intervention area (including an 8-year-old boy who did not tolerate meglumine antimoniate or amphotericin B), while at least 10 deaths caused by VL were registered in the intervention area before the surveillance intervention. The annual mortality rate due to VL in children up to 12 years in the intervention area decreased significantly from 0.16 per 1000 before to 0.009 per 1000 population aged ≤ 12 years after the intervention (P < 0.001). About 20 deaths due to VL in children up to 15 years old were registered in the control villages during this period. 1985-2000; control area 1992-2000. b Periods of data collection: intervention area 2001-2007; control area 2001-2007 . RR = relative risk; CI = confidence interval.
Discussion
Control of zoonotic visceral leishmaniasis (ZVL) is difficult and the current control strategies for ZVL rely on reservoir and vector control, the use of insecticide-impregnated materials to prevent insect bites, and active case detection with appropriate treatment to avoid the spread of infection [11, 12] . Despite the evidence from experimental studies of a decreased incidence of ZVL in both dogs and children following serological screening of dogs and killing of seropositive animals, the efficiency and acceptability of control strategies for ZVL are still debated [13, 14] . Our findings showed that mean annual incidence of symptomatic cases of VL decreased significantly from 1.88 per 1000 to 0.77 per 1000 in children ≤ 12 years old in the periods before and after the intervention respectively, whereas in the control villages, the mean annual incidence of the disease increased significantly from 0.11 per 1000 to 0.23 per 1000 respectively. Our results suggest that establishment of a VL surveillance system can decrease the incidence of VL.
A pilot study to control VL in the focus of Meshkin-Shahr carried out by Nadim et al. in 1991-92 DAT [2] . Furthermore, the type of construction of houses in villages and the semi-nomadic life of part of the population play an essential role in the transmission cycle of VL.
As the clinical manifestations of VL have low specificity, confirmatory tests are required to decide which patients should be treated. Such tests should not only be highly sensitive-as VL is a fatal condition-but also need to be highly specific because the current drugs used to treat VL are toxic [12] . DAT has been specifically developed for field use and has been extensively validated in most endemic areas [8, 9] . Thirty studies were included in a recent meta-analysis, which gave sensitivity and specificity estimates for DAT of 94.8% (95% CI: 92.7%-96.4%) and 85.9% (95% CI: 72.3%-93.4%) respectively [19] . In our study, we used DAT to support the VL surveillance system because it is simpler than many other tests and suitable for field activities. It should be noted that a positive DAT result in endemic areas must be combined with specific clinical manifestations of VL such as mild fever (at least 2 weeks), paleness and anaemia, splenomegaly, hepatomegaly and lymphadenopathy to be considered as VL [5] .
We faced some challenges in carrying out routine serological testing due to variations in different batches of DA antigen, the lack of a cold-chain supply for transport of antigen, the need for serial dilutions of blood or serum samples and also the relatively long incubation time (18 hours) for reading the test results. A variant of DAT-the fast agglutination screening test-is very practical under field or rural conditions, and can be used in the future to screen large populations 
